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(71) We, MO OCII DOMSJO AB, 
a Swedish Body Corporate of Fack, S — 891 
01 Ornskoldsvik, Sweden, do hereby declare 
tile invention for which we pray that a 
5 patent may be granted to us, and the method 
by which it is to he performed, to be par- 
ticularly described in and by the following 
statement:— 

The present invention relates to a method of 

10 producing cellulose pulp. The method Is 
intended to reduce the pollution hazards 
associated with conventional cellulose pulp 
manufacturing methods of the type envisaged 
and involves subjecting lignin containing 

15 cellulosic material, preferably wood, to an 
oxygen-gas digestion step, by which is meant 
a treatment step in which the wood is digested 
with oxygen gas in a solution, the pH of which 
is maintained within the range of 6.0 — ^9.0 

20 during the major part of the digestion process. 
It is known that lignin containing material, 
such as wood, can be digested witii alkaline 
reacting liquors in the presence of oxygen 
gas. It has been found extremely difficult, 

25 however, to obtain unifonn digestion of the 
material, especially when the material is pre- 
sent in the form of coarse fragments. When 
treating wood in the form of chips, relatively 
rapid digestion is obtained with subsequent 

30 exposure of the cellulose fibres on the surface 
of the chips, while the interior of the chips 
remains undigested. If the digestion process 
is continued until the main portion of the 
core of the chips is also digested, the material 

35 on the surface of the chips becomes degraded 
to such a high extent tiiat a pulp of very 
low viscosity is obtained. This piip cannot 
be used for paper on which normal demands 
with respect to mechanical strength have been 

40 placed. Certain improvements in tiie pro- 
perties of the pulp can be obtained by digest- 
ing the wood with oxygen gas-alkali at iow- 
temperat ures and h igh pressure, and by using 

' a fiiieiy-tirvnied iignin cuutaining celluiosic 

45 material, but these improvements have not 
been of such magnitude as to warrant an 



application of such processes on a technical 
scale. 

Cellulose pulping is also known in pro- 
cesses for producing low yield pulps of low 
viscosity involving digesting cellulosic material 
with oxygen^gas and step-wise adding alkali 
to the system at pH 9,2 — 13.0 to treat the 
wood at elevated temperatures with an acid, 
neutral or alkaline aqueous solution in order 
to reduce the hemiceUulose content of the 
pulp. It is not possible by this method, 
however, to obtain high yield pulps of high 
viscosity. Further, it is known from Canadian 
Patent No. 611,503 to digest wood with 
oxygen-gas and alkali at 120 — 160*'C and a 
pH of 7.0 — 9.0. When the wood material is 
in the form of chips, this method presents 
the disadvantages of high alkali constunption 
and uneven digestion. In addition, the oxygen- 
gas becomes highly diluted with carbon 
dioxide, which increases the consumption of 
oxygen-gas. 

It has now surprisingly been discovered 
that the aforementioned disadvantages can be 
substantially eliminated if the lignin-containing 
cellulosic material, preferably in the form of 
wood, is subjected to a pre-treat ment step 
with a liquid to which is added a nbasjc 
n eutralizing age nt, in a manner to dissolve \ 
suitable quantity of the wood* constituents, and 
then digest tihe material in the presence of 
oxygen gas under pressure in a liquid having 
a pH of between 6.0 and 9.0. 

The present invention provides a method 
for producing cellulose pulp by digesting 
lignin-containii*g cellulose material such as 
wood , s traw and bagasse , with oxjggn in the 
^Esenc& of an aqueous solution containing a 
basic neutralizing agent, at a temperature of 
100 — 180**C and a partial pressure of oxygen 
of 3 — ^200 bar£, wherein, p rior to the di gestion, 
the lignin coi-tiiining cellulosic material is 
subjected to a p re-treatm ent «;tffp w?.th ^_j:rrr'- 
liquor containing aljasic neutralization agent 90 
at a temperature of 60r-200*'C, suitably 100 — 
170*'C, and pieferably 120— 160"* C, until 
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1—30% by weight, suitably 3—25% by 
weight and preferably 3 — 15% by weight 
based on the dry weight of the lignin con- 
taining cellulose material has passed into solu- 
5 tion, the pH during the major portion of the 
oxygen digestion process being maintained at 
6.0 — 9.0. It is particularly surprising that 
by carrying out the aforementioned combina- 
tion of partly known procedural steps it is 

10 possible to obtain a high-yield pulp of high 
viscosity and good paper properties. Further, 
the method of the present "invention enables 
for the first time a high yield pulp a high 
strength and degree of brightness to be pro- 

15 duced without the use of sulphur as a. diges- 
tion chemical. 

In the pre-treatment step of the present 
invention a relationship prevails between 
temperamre and treatment time, whereby, in 

20 order to obtain a specific desired degree of 
dissoluuon, a low temperature can be applied 
over a long period of time or conversely a high 
temperature over a short period of time. 
The portion of die llgnocellulosic material 

25 passing into solution is determined by remov- 
ing the pre-treatment liquid by suction or by 
allowing the liquid to drain off, whereafter 
the material is washed with water to remove 
the remaining pre-treatment liquid. The 

30 residue is then dried and weighed. The quantity 
of material dissolved during the pre-treatment 
step is defined as the original dry weight minus 
the dry weight subsequent to the pre-treatment 
step and die washing step. When the pre- 

35 treatment step is effected under mild condi- 
tions, so that the amount of material dissolved 
lies within the range of 1 — ^5% by weight, it 
is possible to determine accurately the quantity 
of material dissolved by establishing the 

40 quantity of acetic acid and non-volatile 
organic substances in the pre-treatment liquid. 

The aforementioned and following pH 
values relate to measurements made with glass 
electrodes at room temperature on sample 

45 solutions taken from the pre-treatment step 
and the oxygen gas cooking step respectively 
during cooling. Further, it should be under- 
stood that the tenn basic neutralizing agent 
as used in accordance with the invention 
50 includes not only alkali metal hydroxides but 
also alkali metal carbonate and alkali metal 
bicarbonate and mixtures thereof. It has 
surprisingly been found suitable to use sodium 
carbonate as the basic agent during the pre- 
55 treatment step. According to the invention, 
the liquid used during the pre-trcaiment step 
contains the basic agent. During the pre-treat- 
ment step organic acids are formed, but it is 
not necessary for the liquid to present an 
60 , alkalme reaction (i.e. pH higher than^7 \, and 
the pH may be allo\veci"to fall to 6 without 
disadvantage. If it is desired to produce 
pulps having a low hemicellulose content, e.g. 
pulp intended for the manufacture of rayon, 



the pre-ticatment step of the present invention | 
can be corabined to advantage with an acid 
pre-hydrolysis, either as a. separate first step 
or by allowing the pH in the pre-tieatment 
liquid to fall temporarily to the desired level 
before adding the base used in the pre-treat- 
ment step of the present invention. Normally, 
the pH during the major part of the pre- 
treatment step is maintained at 7 — 14, suitably 
7 — 9 and the pressure at 1—20 bars. 

As previously mentioned, the method of the 
invention affords the unexpected effect whereby 
when using, for example wood chips a pulp 
of high viscosity is obtained, which pulp 
provides paper produced therefrom with 
superior strength qualities to pulps made by 
oxygen-gas digestion processes according to 
previously known methods. As with pulps 
produced by the durect oxygen-gas cooking 
of wood without subjecting the wood to the 
pre-treatmeat step of the present invention, 
an exceptionally high degree of brighness is 
obtained with the pijlp produced in accordance 
with the invention as compared with pulps 
produced by known methods or alkali diges- 
tion processes, e.g. sulphate cooking and so- 
called soda cooking processes. By adapting 
the dissolation conditions in the pre-treatment 
step3 the hemicellulose content of the pulp 
^n be controlled to wide limits. Both pulps 
of exceptionally high yield (60 — 65% by 
weight m the case of birch) and pulps of 
approximately the same yield and hemi- 
cellulose content (e.g. 50 — 55% by weight 
yield with birch) as that obtained with con- 
ventional sulphate cooking processes, can be 
produced by the method of the present inven- 
tion. In comparison with a direct oxygen-gas 
cooking process, it has been found that the 
method of the present invention, despite the 
fact that the base is used in two stages , affords" 
a"TOti<!^biy lower total consumption of base 
tiian in the case of a direct oxygen-gas codcing 
process when the pulp is digested to the same 
content of residual lignin. The difference in 
base consumption between the two methods 
has been found to reach approx. 5 — 10% 
by weighi: and to be mainly due to the amount 
of tiie wood material dissolved during the 
pre-treatment step. The greater the amount 
of material dissolved during the pre-treatment 
step, the greater the quantity of base saved, 
"^en the oxygen gas cooking process is 
effected with bicarbonate or carbonate, a 
further valuable advantage is obtained in the 
form of a reduction in the amount of carbon 
dioxide formed during the oxygen-gas cooking 
step. 

Whereas the oxy gen-gas coo king step ta kes 
place with oxygg n^jas mider Pies sure. iiie 
pre-tr^V.. icrit Step of the present invention is 125 
effected widiout increasing the pressure of the 
oxygen gas to above atmospheric. The pre- 
treacmcikt step can be effected discondnuously 
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or continously in conventional apparatus used 
for impregnating and cooking lignocellulosic 
material in chip form with different liquors, 
for example digestion and pre-hydrolysis. The 
5 presence of air does not affect the pre- 
treatment step in any way other than to render 
impregnation more difficulty and consequendy, 
if desired, the air can be removed by known 
methods. The quantity of material, inter alia 
10 in the lona of acetic acid and hemicelluiose 
together with readily dissolved aromatic 
cpmi?ound s and resin constitu ents^ p a^sing^ o 
s Mution^uring the pre^ealment step has ^an 
important signmcance on me quality and'^eld 
^5 o f the oxygen-gas dig ested pulp. If it is desired 
td^ produce a nign^yh^ oxygen-gas digested 
pulp having a high hemicelluiose content, the 
amount of material dissolved in the first step 
should be in the order of 2—15% by weight 
20 on the dry weight of the original lignocellulosic 
material. The optimum quantity in this respect 
depends on the nature of the starting material 
and the use to which the final cellulose pulp 
, is to be put. The temperature in the pre- 
25 treatment step should be 60 — ^200*'C. If the 
temperature is maintained below 100**C, it is 
ddsirable to have a comparatively long reac- 
tion tiraej e.g. from 6 — 12 hours. Tempera- 
tures higher than ITO^'C are normally un- 
30 economical and it may be difficult to control 
the process at such temperatures. A particularly 
suitable temperature range is 100 — 170**C. In 
this way a reasonable reaction time of, e.g. 
0,5 — 5 hours can be allowed without danger 
35 of the cellulose being decomposed. When pro- 
ducing paper pulp from wood chips, a tem- 
perature of 120 to 160° C and a treatment time 
of from 0.5—3 hours has been found par- 
ticularly advantageous. 
40 f The liquor used to effect the p te-treatmen t 
step may contain or be prepared from a basic 
n eutralizing age nt, preferably an alkali metal 
hydroxide, a Kali metal carbonate and/or 
aikali metal bicarbonate^ sodium being pre- 
45 1 ferred as the alkali metal for economic reasons. 
The pre-treatment liquor may also contain 
corresponding compotmds of alkaline earth 
metals, e.g. calcium and magnesium. From a 
purely chemical aspect sodium hydroxide can 
50}1 be used to advantage when preparing the pre- 
treatment liquor and tests have shown that 
splendid results are obtained therewith. When 
wishing to produce pulps having a low hemi- 
celluiose content, it is particularly suitable to 
55 I use sodium hydroxide. When wishing to pro- 
duce high yield pulps, however, a still better 
result can be obtained by using sodium 
carbonat e in preparing the pre-treaSnenT 
Kquor.^'In this respect there can be used to 
60 QAvitntstrri^ wod'.fjn? o htp-ineff hv H."!? 

w et combusti on of w aste liquor obtained fr om 
t hg^^re-tredtmenr 5t &t> and/or the 03cy gen-.ga s 
c< R)kJBg gfeg , of By evaporating and sub- 
sequently burning said waste liquors. In this 
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way, there is obtained a closed system with 
which the chemicals can be recovered without 
difficulty. In accordance with another pre- 
ferred embodiment, which is particularly suit- 
able when washing to produce high-yield pulps 
of high hemicelluiose content, the^pre^eating 
liquor contains sodium bicarbon ate. Theliqgor 
is suitably prepared by adding^ thereto sodium 
bicarbonate in solid form or in the form of 
an aqueous solution. Since the pH of the 
liquor is lower than that obtained when using 75 
hydroxide or carbonate, the hemicelluiose in 
the pulp, primarily xylan and giucomanan, 
will depolymerize to only a slight degree, or 
possibly to- no appreciable extent at all. All of 
the aforementioned advantageous technical 80 
effects are surprisingly obtained when subject- 
ing the material to a veiy mild pre-treatment 
step with a bicarbonate solution, e.g. a charge 
of 10 % by weight NaH COa based on die dry 
weight ot tEe Iignih-containing cellulosic 85 
material and by hea ting th e_material to 120°C 
for one hour. The reason for'* this is still 
unclear, although it would seem to be due to 
a number of co-acting reactions and effects. 
One of these appears to be a de-ace tylati on 90 
of the wood, which in some way causes the 
reaction rate of the lignin relative to that 
of die carbohydrates to be higher during the 
subsequent oxygen-gas cooking stage than 
with an oxygen-gas cooking stage which is 95 
not preceded by a pre-treatment step. Further, 
apparently the accesssibility of the lignin in 
die inner portions of the lignocellulosic material 
increases. It is particularly surprising that a 
dear effect is also obtained when the amoimt {(^ 
of material dissolved in the pre-treateient step 
only reaches to some few percent of the dry 
weight of the material. 

During a pre-treatment step using liquor s li 

containing — hirgrhnnati* anH/or carhnti^i*^ tlOS 
carbon dioxide is d?velnp<;H^ which — if 30 | 
desired — can be utilized in the known 
manner or be released to atmosphere without 
disadvantage. The removal of carbon dioxide 
from the system implies a marked advantage, jllO 
particularly when using bicarbonate during die 
pre-treatment step, ' although the advantage is 
no less marked when using carbonate. 

In accordance with a preferred embodiment 
for performing the act ual oxygch-eas cooki ng 115 
steR the cooking step is also effected by adding 
tome system sodium c arbonate and/or sodiu m 
bicarbonate • or a mixture thereof, optionally 
replenished by adding sodium hydroxide. 

This causes carbon dioxide to be formed 120 
during the oxygen-gas cooking step, which 
results in dilution of the oxygen gas. The 
carbon dioxide can be removed from the 
nymm by rs*.!-jndrg ±c gs^ccus in::.-rdrc rkua; 
the digester, aldiough this results in a high 125 
oxygen-gas ^ consumption. Alternatively, the 
carbon dioxide can be removed by cooling the 
same. In accordance with a preferred embodi- 
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ment of the invention, carbon dioxide obtained 
during the oxygen-gas cooking step can be 
removed from the gas phase by absorption in 
an alkaline reacting liquor, e.g. a sodium 
5 carbonate solution. Sodium hydroxide may, 
to advantage, also be present in the absorp- 
. tion liquid. The sodium carbonate solution 
used may, to advantage, be a solution obtained 
by wet combustion or by combustion sub- 

SO sequent to evaporation of waste liquors 
obtained from the oxygen-gas cooking step 
and/orfthe pre-treatmcnt step. The use of 
carbonate and above all, bicarbonate in the 
pre-treatment step according to the invention 

15 causes a significant quantity of carbon dioxide 
to be removed during the actual pre-treatmient 
step, and the longer the pre-treatment step is 
continued the less carbon dioxide is formed j 
during the actual oxygen-gas cooking step. 

20 It has been found particularly suitable to 
maintain the carbon dioxide pressure during 
the mafor portion of the oxygen cooking step 
at 0.2 — 5 bars. An excessively high carbon 
dioxide pressure results in a lowering of the 

25 cooking rate, although this can be counteracted 
within certain limits by increasing the tem- 
perature. A reduction in the carbon dioxide 
pressure leads to an increase in the pH of 
the cooking liquor, which results in increased 

30 decomposition of the carbohydrates. The limits 
recited here relate to the manufacture of 
paper pulp when using sodium carbonate and 
sodium bicarbonate as the active alkali 
ingredient. Iii such cases the carbon dioxide 

35 is enriched in the system. If the system is 
closed and sodium is recovered in the form 
of sodium carbonate in the aforementioned 
manner, the carbon dioxide must be removed 
in some way or another. A particularly advan- 

40 tageous method in this respect is to use sodium 
carbonate as an absorption liquid for carbon 
dioxide in the oxygen-gas and to utilize used 
absorption liquid in the pre-treatment step. 
In spite of diese measures a cenain excess 

45 of carbon dioxide may be obtained, and this 
excess can be removed in the previously 
indicated manner or by other known methods, 
such as causucizing the carbonate solution or 
heating bicarbonate in solid form or in solu- 

50 tion to such temperatures that carbon dioxide 
is expelled, or may be blown off by venting 
and/or by injecting air, for example, into 
the system. 
Thus, the introduction of a pre-treatment 

55 step with sodium carbonate, preferably a pre- 
treatment step with soditmi bicarbonate, with 
which carbon dioxide formed in the system is 
expelled therefrom, considerably relieves the 
system of carbon dioxide. 
60 In this connection it shotild be mentio>ied 
that, in audition to carbon dioxide, carbon 
monoxide is also formed dtiring the oxygen- 
gas cooking process, which should be taken into 
account in view of the explosion und poison 



risks incmted thereby. This problem is solved 
by maintiining the carbon monoxide content 
in the oxygen-gas digester at a level below 
the explosion limit. This is suitably effected by 
removing a portion of the carbon monoxide 
from the system, by releasing the gases from 
the cooker in a safe manner, optionally after 
having first purified the gases by known 
methods. Alternatively, the gases may be used 
in connection with wet combustion processes 
or other form of combustion processes, so 
that the carbon monoxide is rendered safe 
by oxidation. When the active alkali ingredient 
used in the cooking process is bicarbonate 
or carbonate;, carbon dioxide will, of course, 
also be removed when removing carbon 
monoxide. 

In the case of plants applying the method 
of the present invention together with other 
cellulose manufactiuing processes, e.g. sodium 

sulphite — sodium bisulphite — sulphate 

and polysulphide cooldng processes, the 

chemical^ T^rnvf^ ^iywrnc tn fld^a^tggi^^ 

be coordinate d, e.g. through common combus- 
tion systems. In such cases, the pre-treatment 
steps of the present invention may be effected 
to advantage with a sulphide containing sohi- 
tion e,g. green liquor, wherewith the pre- 
treatment step may serve as a means ~ for 
expelling hydrogen sulphide. _ 
With respect to the aspect of heat economy" 
and chemical recovery, the pre-treatment 
liquor used in accordance with the invention 
should preferably contain orgaaic-suhstances 
ratiirnyd f^rf^pi Th% prA-rrAfit^^nt Step i.e. from 
a previous cellulosic material treatment pro- 
cess and separated therefrom, before the 
material is passed to the oxygen gas cooking 
process. The liquor can therewith be 
replenished with chemicals, e.g. hydroxide, 
carbonate and/or bicarbonate, l^fore it is re- 
used. 

According to a preferred embodiment of 
the invention, wasteliquor obtained from the 
ox ^m-gas cooking pfpri^gg I'g nyf) pr'par* 

th^iqUOr Uf^d fnrthff pri>-m>gtmf>n^ step. 

Preferably waste liquor from the oxygen- 
gas cooking step rec overed when wash ing the 
r eady cooked pulp and diluted with water or 
with an aqueous solution, e.g, bleaching liquor 
or evaporation condensate is used. It is also 
suitable in this embodiment t o return liqu or 
fro m the B iE=tcea6a«ic step. 

Subsequent to terminating fi pre-treatment 
step it has been found particularly suitable 
to was h pre-treatmp gr I'qnnr f^ym the cellu- 
losic material witlL-waste lin uor obtain ed from 
the oxygen-gas cooking, proc^ and/or with 
solutions containing bleaching liquor. The 
resulting liquid mixture is returned to 
advantage to the pre-treatment step and used 
in a subsequent pre-treatment process, option- 
ally subsequent to replenishing the liquid with 
allrali. This washing step has been found to 
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afford advantages with respect to the homo- 
geniety of the oxygen-gas cooking process, 
although it is not an essential feature of . the 
method according to the invention. In many 
5 instances it is sufficient to allow the used 
pre-treatment liquor to drain from the cellu- 
lose material before the material is passed 
to the oxygen-gas cooking step. 

It has also been found advantageous to 

10 press the pre-treated cellulosic material 
mechanically subsequent to the pre- treatment 
step, e.g. by 'passing the material through one 
or more roller presses; The material can be 
pressed to advantage subsequent to removing 

15 pre-treatment liquor totally or partially there- 
from by washing the material with waste 
liquor obtained from the oxygen gas cooking 
step, by which is meant here liquid containing 
such waste liquor. Pressing of the ligno- 

20 cellulosic material increases the accessibility 
of the internal portions of the material to the 
chemicals, thereby affording improved strength 
properties and higher vicosity of the finished 
material. 

25 The accessibility of the internal portions 
of the material to the • chemicals can also he 
Improved by introducing a. different type of 
mild mechanical treatment, e.g. in a peg 
shredder, behind the pre-treatment step, so that 

JO the cellulose material is disintegrated along 
fractured impressions in the material. Tlie 
mechanical pressing operation or tlie alterna- 
tive mild mechanical treatment process may 
also be carried out subsequent to adding the 

35 chemicals intended for the cooking step. 

The pre-treatment process may be carried 
out c ontinuou sly or d iscontinu ouslv^ and the 
basic agent used in the pre-txeatment step 
may be added continuously, dlscontinuously or 

40 in one single batch. When wishing to manu- 
facture a pulp of low hemicelluiose content, 
and therefore desiring to use sodium hydroxide 
as the basic agent in the pre-treatment pro- 
cess^ it is suitable with respect to the balance 

45 of catbon dioxide in the system, if the oxygen- 
gas cooking process is effected with soditmi 
carbonate and/or bicarbonate, to treat the 
material in the pre-treatment step first with 
bicarbonate and then with carbonate and finally 

50 with sodium hydroxide. Formed carbon di- 
oxide should be removed from the system 
before the sodium hydroxide is added thereto. 
For pulps having a high hemicelluiose content 
it may be suitable to treat the material first 

55 with sodium bicarbonate and then with 
sodium carbonate^ and the exclude the sodium 
hydroxide treatment step. 

The quality of the pulp produced in 
accordance with the invention is determined 

60 to a greater extent by dissolution of rbr 

'"material during the pre-treatment step than 

by the quantity of active alkali charged to the 
pre-treatment liquor. The pre-treatment waste 
liquor can be remrned to the pre-treatment 



stepj and indeed should be under normal 55 
conditions in order to obtain good heat 
economy. In connection therewith, active basic 
agent may also be returned. The return of 
the pre-treatment waste liquor and active 
basic agent affords marked advantages with 70 
respect to the speed of the pre-treatment reac- 
tions. The qtiantity of active basic material 
present in the pre-treatment step may therefore 
be greater than the quantity consumed and 
is generally hot critical, provided that a 75 
moderate temperature is applied. The ainount ! 
of active basic material consumed during the | 
pre-treatment step in the form of scSium | 
bicarbonate or calculated as sodium bicarbonate I 
(on an equimolar basis with respect to sodium) 1 80 
normally reaches to 3 — 35% by weight, suit- j 
ably 5—20% by weight, preferably 8—15% 
by weight baaed on the dry weight of the 
lignoceUtdosic material. The quantity 8 — 15% 
by weight has been found particiilarly suitable 85 
for most types of paper pulp. With respect 
to high-yield piilps, however, this quantity may 
be lower, and may be higher in the case of 
pulps of low hemicelluiose content. 

The quantities of active base mentioned 90 
above relate to the quantity of base consumed 
in the pre-treatment step, at steady state. The 
quantity of active base present during the pre- 
treatment step can be hi^er without damag- 
ing the pulp. In those instances when it is 95 
desired to pass the pulp directly to the 
oxygen-gas cooking step without washing the 
pulp after the pre-treatment step, some or all 
of die base needed for the oxygen-gas cooking 
step can be charged to the system during the 100 
pre-treatment step or to the original treatment 
liquor. In such a case, the expedient of pres- 
sing the cellulosic material prior to the oxygen- 
gas cooking step affords a marked advantage. 

When producing cellulose pulps for specific 105 
usages, e.g. for producing paper having a high 
resistance to color reversion (long shelf life) 
it is suitable to add to the liquor us ed fo r 
the pre-treatment step a surface tension reduc- 
in g ag ent, JNojiipnic> amonic and ^ c^tioijic 110 
a ^nt^ may be used in this respect. Such 
agents may also be present to advantage during 
the actual oxygen-gas cooking step. Foam 
pr eventin g agents can also be charged to 
advantage to the oxy gen-gas cooking step. 115 

With respect to the brighmess of the pulp 
produced, it has been found suitable in certain 
circumstances to introduce an oxidation agent, 
e.g. a peroxide, to the pre-treatment liquor. 

The addition of rcd ^t^np agents, e.g. 120 
didiionite and/ or hvdrid ob o rate Cboronyciride) 
toTie^ pre-tre&nent liquor has also been 
found advantageous with respect to the 
strength and brightness of the pulp. T\\h iiddl 
tion, similariy to the previously mentioned 125 
additions, can be made either to the original 
pre-treatment liquor or to the system during 
the pre-treatment step. 
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With certain types of lignocellulosic 
material, espedally such containing large 
quantity of transition metals, such as copper, 
cobalt and iron, it is suitable that the pre- 
treatment liquor contains complexing agents».j 
producing soluble compounds with metals. In " 
this way dec Qoiposition of the cellul ose can 
be re duced durmp th e subsequent oxTpgh-gas 
co^ing_§tep. Examples of suitable cojMlexing 
agents are polyphosphates and aminopoiy 
carboxylic acids, e.g. such having the general 
formula 



MOOCCH2 
MOOCCH, 



>N— (QH,N)^— CH2CO6M 



where A is the group — CH2COOM or 
— r-CHaCHaOH, M is hydrogen or an alkali 
metal and n is an integer between 0 and 5. 
Further examples of suitable complexing 
agents are ethylenediamine tetraacetic add 
(EDTA), nitrilotriacetic acid (NTA> and 
diethylenetriamine pentaacetic acid (DTPA). 
Hydroxy carboxylic acids of the type aldonic 
acids, e.g. gluconic acid and saccharic acids 
and aldaric acids^ and similarly organic 
amines, e.g. ethylenediamine can be used. 
Alternatively,, these complexing agents can be 
added subsequent to completing the pre-treat- 
ment step. It is often suitable to add the 
complexing agents to the cellulosic material 
before the material is brought into contact with 
the pre-treatment liquor. Wh en produci ng 
Jiig fa-vield cellulose pulps, the gx^geiv-gas 
cooking s tep is suitably carrie d-^ut widi a 
coo king liquor containing substm tially sodium 
bicarbonate as the active base. The sodium 
bicarbonate is suitably prepared from sodium 
carbonate obtained by die combustion of 
waste liquor and subsequent absorption of 
carbon dioxide from the oxygen-gas used 
during the cooking operation, by means of an 
aqueous solution containing sodium carbonate. 
The aqueous solution may, to advantage, 
contain waste liquor obtained either from die 
pre-treatment step or from the oxygen-gas 
cooking step or from both, 

A reduced load widi respect to the removal 
of carbon dioxide from the oxygen-gas cooking 
step is obtained by effecting the cook with a 
cooking liquor containing mainly sodium 
bicarbonate and sodium carbonate as the active 
base. This liquor can of course be obtained 
by adding the two chemicals in solution or ^ 
in solid form. Another method, effecdvely j 
contributing to expelling carbon dioxide from | 
the system, is to prepare the cooking liquor j 
.^from bicsitciiats znd before; IlL iiv:iod'iccd 
or returned to the cocking step expel a suitable 
quantity of the carbon dioxide at elevated 
temperature so that a mixture of sodium 
bicarbonate and sodium carbonate is obtained. 



The method of the present invention is par- 
ticularly suited for producing high-yield cellu- 
lose pulps with a high degree of brightness. 
To obtain the least possible decomposition 
of the cellulose molecules and good paper 
properties it is suitable to charge die acdve 
base, stepwise or condnuously during the 
oxygen-gas cooking step, to replace consumed 
active alkali and to maintain the pH of the 
cooking liquor at the desired level. It is 
particularly suitable to maintain the pH within 
the range of 6.5 — 8.5 during the major part 
of the process. Very good results were obtained 
with experiments in which the pH was held 
at 7 — 7,2 for approximately 70% of the time 
and at 6.2 — 7 for approximately 30% of the 
cooking time. Base was charged to the system 
in the form of bicarbonate at dme intervals 
of 15 mins. and the charge based on the 
measured pH with the intension of maintaining 
a value of approximately 7. 

When using birch chips as the starting 
material, a sdll higher yield and suU lower 
decomposition of the cellulose is obtained if 
during tliC oxygen-gas step the pH is main- 
tained widiln the range of 7 — 7.5. It is suitable 
to measure the pH condnuously and to meter 
the alkali to the system automatically so that 
the desired pH can be obtained. 

It is also suitable that an inhibitor against 
the decomposition of carbohydrates is present 
in the system dtiring the oxygen-gas cooking 
step and/or a subsequent oxygen-gas bleaching 
step if used. The inhibitora used in this 
respect arc ma gnesium ^ compounds, e.g. 
magnesium sulphate, magnesium carbonate 
and/or complex magnesiima compounds. If 
the cooking step is carried out at a high pH, 
e.g. pH 9, the use of magnesium compounds 
is particularly important. 

In addition to the selection of different 
types of basic agent (bicarbonate, catenate 
and hydioxide) and iifacEffinon to*1Sat5hg 
such chai^ges successivdy as the base is con- 
sumed, the pH may be regulated by controlling 
the partial pressure of the carbon dioxide 
during the oxygen-gas cooking step. If high 
temperatures and high partial pressures with 
respect to oxygen-gas were applied, a high 
carbon dioxide pressure, e-g, of 5 bars, can 
be used. If the cooking step is performed with 
a low oxygen-gas pressure, a lower carbon 
dioxide pressure should be maintained, suitably 
0.2—1 bar. 

The oxygen-gas cooking step can be effected 
under conditions whereby the cellulosic 
material is completely immersed in the cooking 
liquor, which must naturally be kept circulating 
so that newly dissolved oxygen-gas is supplied 
uirou^K die couknig liquor, rrcqueniiy more 
advantageous results have been obtained when 
the cooking step has been performed with the 
cellulosic material (e.g. die chips) in contact 
with both the circulating cooking liquor, which 
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is sprayed over the material, and the oxygen- 
gas under pressure. Similar cooking processes 
in which cellulosic material is treated with 
cooking liquor without being immersed therein 

5 are known and applied in the art and the 
type of apparatus for the actual oxygen-gas 
cooking step may thus be of known construc- 
tion. As is well known, when applying any of 
these two methods it is important that the 

10 oxygen-gas is in intimate contact with the 
cooking liquor so that good mass transfer is 
obtained. Apparatus constructed for this 
purpose are known to the art. With respect 
10 the necessary cooking time and the necessary 

15 oxygen-gas pressure, the cooking step is 
effected more favourably if the concentration 
of oxygen in the cooking liquor is as close 
to saturation point as possible. 

It has also been found possible to perform 

20 the oxygen-gas cooking step in the fonn of a 
pure gas phase cooking step, i.e. a reaction 
without liquid circulation. This is effected by 
impiegnatihg the material with cookirig liquor, 
whereafter the material is allowed to drain to 

25 remove surplus liquor therefiom. Squeezing 
of the material, i.e. the chips, to a dry content 
of^ for example, 27— 347^ or higher, e.g, 45%, 
has been found to afford a very uniform 
reaction. In this instance, the oxygen-gas cook- 

30 ing step can be effected in apparatus of 

type known for the oxygen-gas bleaching of 
cellulose pulp. Alternatively, the cooking 
chemicals may comprise active alkali remaining 
from the pre-treatment step. Owing to the 

35 low degree of solubility of sodium carbonate 
and sodium bicarbonate, a single stage gas 
phase cooking step can ^only be applied in 
this way if the charge' during the actual 
cooking step is low. The method, can be com- 

40 bined with any of the two previously mentioned 
methods or, subsequent to a first gas phase 
cooking step, the cellulosic material may be 
impregnated with fresh cooking liquor, which 
is then removed e.g. by draining and pressing, 
45 whereafter the material is subjected to a cook- 
ing process in a new gas phase step, 

When applying the most important cellulosic 
raw material wood, it is advantageous to use 
it in fin ely-divided fo rm, e.g. in the form 
50 of saw-dust or wood shavings. The most com- 
mon form of lignocellulosic material in con- 
ventional wood digestion processes is, however, 
y w ood chips . Chips of conventional type can 
\ bfi^tiscd when applying the method of the 
55 present invention. It has been found, how- 
ever, that chips of small tliickness are to be 
preferred to relatively thick chips. Tests have 
shown that a particularly advantageous result, 
such as short cook time in the oxygen gas 

- 60 cooking step, low chives content and.high ?u!p 
viscosity is obtained if chips are used which 
have been split in the durection of the fibres 
in the chipper. Splitting of the chips need 
not be done so effectively diat chip fragments 



are divided into smaller pieces. Very good 55 
results have been obtained with coarse chips 
containing a large number of cracks in the 
fibre direction. Apparendy these cracks 
facilitate penetration of the chemicals into the 
chip fragments. 70 

Instead of spHtLlng the chips as the chips 
are cut, the chips may be split in a sub- 
sequent step. Cracks which extend in the 
longitudinal direction of the fibres can be pro- 
duced by pressing the chips in a roller press 75 
for example, or by treating the chips in a 
shredder. 

As a result of its high degree of brightness, 
the pulp produced in accordance with the 
method of the present invention can be used 80 
directly for many purposes without being 
subjected to a bleaching step, e.g. in the 
manufacture of paper and cardboard. The 
pulps may also he bleached to a very high 
degree of brightness by means of conventional 85 
bleaching agents in one or preferably more 
steps. 

The invention will now be illustrated lyith 
reference to a number of examples taken from 
systematically peilormed experiments using 90 
birch chips as a surting material. The uiven- 
tion, however, is not restricted to birch chips, 
but can be generally applied to different types 
of lignocellulosic material. When using wood 
in chip fonn, hard«vood has been found more 95 
easily digested than softwood. Under com- 
parable conditions a somewhat larger content 
of screening rejects and a lower degree of 
brightness is obtained with softwood. The re- 
jects however, can be subjected to renewed 100 
oxygen-gas digestion and the method can 
therefore also be applied to softwood when 
in chip fonn. 

The following Examples are given to 
illustrate the invention. 105 

EXAMPLE 1. 
4 mm thick birch chips were pre-treated 
in an autoclave widi solutions of NaHCOa, 
NaaCOa and NaOH. The pre-treatment step 
was carried out for one hour at a temperature no 
of 120* C and tl^e pre-treatment liquor con- 
tained 8,2 g of organic substance per liter, 
from a previous pre-treatment step. With the 
tests in which bicaibonate and carbonate were 
used CO5 gas developed during the pre-treat- 115 
ment was discharged to atmosphere. The chip 
fragments were drained of the treatment 
liquor and then washed for five minutes with 
waste liquor obtained from the oxygen-gas step. 
The quantity of organic substance dissolved 120 
(determined subsequent to washing a chip 
sample thoroughly with water) was found to 
— correspond tc 3% by vreighe or: 'I.:: dry- 
weight of the wood. The chips were then 
subjected to digestion with oxygen-gas in the 125 
presence of bicarbonate, the bicarbonate charge 
corresponding to 39% by weight based on the 
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dry weight of the original chips. The pH of 
the treating liquor was 3.5 at the start of the 
digestion and 7.7 at conclusion of digestion. 
The oxygen-gas digestion step was continued 
for 6 hours at 140°C and a partial pressure 
of oxygen-gas of 7 bars. The carbon dioxide 
pressure was maintained within the interval 
0.1 — 0.2 bar by treating the circulating 
oxygen-gas with sodium carbonate solution. 



The wood liquor ratio was 1:7 during the pre- 
treatment step and 1:14 during die oxygen- 
gas cooking step, diis latter step being carried 
out in a circulation cooker in which the cooking 
liquor was sprayed over the chips. By way of 
comparison, two reference tests were carried 
out without the pre-treatment step and widi 
a bicai jonate charge of 49 and 39% by weieht 
respecmely. ' ^ 
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20 
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30 



35 



40 



Pre-trcatment 



NaHCOj during 

oxygen-gas Total Screened 

digestion step yield yield 

% % % 



Kappa Viscosity Brightness 
No. cm^'g % 



None 


49 


55.1. 


53.1 


12.1 


633 


63.1 


None 


39 


60,5 


51.9 


17.1 


719 


59.0 


NaHCO,, 10% 


39 


58.4 


56.4 


13.3 


746 


65.9 . 


Na^COj. 5% 


39 


61,2 


59.2 


14.7 


754 


66.1 


NaOH, 4.87o 


39 


59.1 


55.9 


15.& 


701 


66.4 



The charge of chemicals to the S3rstem and 
the yield are calculated here and in the 
following in percent by weight based on the 
dry weight of the wood charged. The analyses 
given above and heieinafter were made accord- 
ing to Scandinavian Standards (SCAN). 

The test — with which all the active 
alkali was present at the beginning of the 
oxygen-gas cooking step — showed that pre- 
treatment steps using respectively sodium 
bicarbonate, sodium carbonate and sodium 
hydroxide result in an increase in yield of 
screened pulp. The highest values with respect 
to viscosity were obtained with the pre-treat- 
ment steps using sodium bicarbonate and 
sodium carbonate. The pre-treatment steos 
also resulted in an increase in the brighm^s 
of the finally cooked pulp. 

EXAMPLE 2. 
Birch chips from the same batch as those 
treated in Example 1 were pre-treated with 
NaHCOa and NaOH respectively in the afore- 
mentioned manner. At the begimiing of the 



oatygeix-gas digestion step 5y^ by weight of 
sodiuwi bicarbonate based on the dry weight 
of the wood was charged to the system. During 45 
me digestion step the pH was maintained 
between 6.5 and 7.5, by continuously adding 
bicarbonate. The conditions in other respects 
were the same as those in the tests of Example 
L In the tests of Example 2 a much hirfier 50 
shive content was obtained with the same 
cooking times as those applied in the tests of 
Example 1, but when the codcing time was 
extended to 8 hours high-yield pulps having 
a high viscosity were obtained. The results 55 
are shown in the following table. A reference 
test carried out without the inclusion of a 
pre-treatment step but with the same total 
charge of NaHCO, as that used in the test 
embodying a pre-treatment step with NaHCOa 60 
resulted in a shive content of roughly 40% 
by weight. In order to reduce the shive content 
to 10% by weight, it is necessary to increase 
the total charge of NaHCOs from 28 to 37% 
by weight. (,5 



Pre-treatment 


NaHCOa during 

oxygen-gas 
digestion step 

% 


Total 
yield 

% 


Screened 
yield 
% 


Kappa 
No. 


Viscosity 
cmVg 


Brightness 


NaOH. 4.S7r 


5+13 


59.8 


52.8 


19.9 


881 


59.7 


NaHCOj, 10% 


5-13 


63.9 


59.5 


21.1 


9.27 


58.7 


None 


5^32 


62.7 


52.7 


19.9 . 


810 


. 57.2 
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As will be seen from the table, a pre- 
treatment step with a sodium bicarbonate 
solution at 130 — leO^C results in a marked 
decrease in the shive content, reduced kappa 
5 number and increase in viscosity of the 
screened puJp. The reject obtained from the 
screening process can be subjected to a new 
oxygen-gas digestion process, the shives pro- 
viding a pulp with low kappa number and a 

10 high degree of brightness. As with the tests 
made in the other Examples, it was found 
that re-cook with NaHCOs produced a pulp 
of higher viscosity than that obtained with 
oxygen-gas digestion processes In which NaOH 

15 was used as the active alkali ingredient. 

WHAT WE CLAIM IS:— 
1. A method of producing cellulose pidp 
by (a) treating lignocellulosic material widi 
a liquor containing a basic neutralising agent 

20 at 60— aOO^C until 1—30% by weight based 
on the dry weight of the lignocellulosic material 
has passed into solution and then (b) digesting 
the lignocellulosic material with oxygen in the 
presence of an aqueous solution containing a 

25 basic neutralising agent at a temperamre of 
100 — 180*'C and an oxygen partial pressure of 
3 — ^200 bars, the pH being maintained at 
6 — ^9 during the major part of the oxygen 
digestion. 

30 2. A method according to claim 1 wherein 
the temperature in step (a) is 100 — 170*0. 

3. A method according to claim 2 wherein 
the temperature is 120 — 160°C. 

4. A method according to any one of the 
35 preceding daims wherein step (a) is con- 
tinued until 3 — 25% by weight of the material 
dissolves. 

5. A method according to claim 4 wherein 
step (a) is continued imtil 3 — 15% by weight 

40 of the material dissolves. 

6. A method according to any one of the 
preceding claims wherein the pH is main* 
tained at 7 — 14, and the pressure at 1 — 20 
bars during the major part of step (a). 

45 7. A method according to claim 6 wherein 
the pH is 7 — ^9. 

8. A method according to any one of the 
preceding claims wherein a liquor Is used for 
step (a) which contains sodium carbonate or 

50 which is prepared by adding sodium carbonate 
thereto- 

9. A method according to any one of 
claims 1 — ^7, wherein a liquor is used for step 
(a) which contains sodium bicarbonate or 

55 which is prepared by adding sodium 
bicarbonate thereto. 

10. A method according to any one of the 
preceding claims wherein the liquor used for 
steo ^a') contains or is^Mepj arnfi funm^ waste 

60 liquor obtained from ^ffie'dxygen-gas digestion 
process. 

11. A method according to any one of the 
preceding daims wherein the step (a) liquor 



is washed either completely or partially from 
the cellulosic material upon completion of 65 
step (a) with waste liquor obtained from the 
oxygen-gas digestion process. 

12. A metliod according to any one of the 
preceding claims wherein the cellulosic 
material obtained from step (a) is subjected 70 
to a mechanical working operation upon com- 
pletion of step (a). 

13. A method according to claim 12 wherdn 
the working operation involves pressing the 
material throu^ at least one roll nip press. 75 

14. A method according to any one of the 
preceding claims, wherein the quantity of basic 
neutralising agent consumed during step (a) 
in the form of sodium bicarbonate or calculated 

as sodium bicarbonate is 3 — ^35% by weight 80 
of the dry weight of the lignocellulosic 
material. 

15- A method according to claim 14 
wherein the quantity is 5 — ^20% by weight, 

16. A method according to claim 15 wherein 85 
the quantity is 8 — ^15% by weight. 

17. A method according to any one of the 
preceding claims, wherein a surface tension 
reducing agent is mixed with the step (a) 
liquor. 90 

18. A method according to any one ot the 
preceding daims, wherein an oxidation agent 
is mixed with the step (a) liquor. 

19. A method according to daim 18 wherein 

the oxidation agent is a peroxide. 95 

20. A method according to any one of claims 
1—17 wherein a reducing agent is mixed with 
the step (a) liquor. 

21. A method according to claim 20 wherein 

the reducing agent is a dithionate and/or a 1(X) 
bordiydridc. 

22. A method according to any one of the 
preceding daims wherein a complexing agent 
for the transition metals is mixed with the 
step (a) liquor. 105 

23. A method according to daim 22 wherein 
the complexing agent is a polyphosphate, nitro- 
genous polycarboxylic acid and/or hydroxy 
carboxylic add. 

24. A method according to any one of the no 
preceding claims wherein die pH of the digest- 
ing solution is held at 6.5 — 8.5 during the 
major part of the digestion process. 

25. A method according to any one of the 
preceding daims, wherein the digesdon pro- 115 
cess is carried out with a soludon containing 
mainly sodium bicarbonate as the basic 
neutralising agent. 

26. A method according to any one of daims 

1 — ^24, wherein the digesdon process is 120 
carried out with a solution containing mainly 
sodium bicarbonate and sodium carbonate as 
the b^sir TiPutraJiF?np i^^er* 

27. A method according to any one of the 
preceding dainis, wherein active alkali in the 125 
fonn of sodium hydroxide, sodium carbonate 
and/or sodium bicarbonate is added stepwise 
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or continuously during the oxygen gas diges- 
tion process to replace consumed aaive alkali 
and to maintain the solution at the desired 

pH. 

28 A method according to any one of the 
preceding claims, wherein carbon dioxide is 
removed from the gas phase during the 
oxygen gas digesdon phase. 

29. A method according to claim 28 wherein 
carbon dioxide is removed by absoqjtion in an 
alkalme reacting liquid, such as a sodium 
carbonate soludon. 

30. A method according to any one of the 
preceding claims, wherein the partial pressure 

of the carbon dioxide is maintained at 0,2 5 

bars during the major part of die oxygen-gas 
digestion process. 



31. A method according to any one of the 
preceding claims, wherein the oxygen-gas 
digestion is effeetedl in a plurah'ty of steofl, 
of which at least one is a gas phase digestion 
step. 

32- A method according to claim 1, sub- 
stantially as hereinbefore described. 

33. Cellulose pulp obtained by a method 
according to any one of the preceding claims. 
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